Appliance for percutaneous insertion of connection of pedicle screws has two arms of equal 
length with transverse connection, circular arm and circular support, 
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Abstract 



The equilateral triangle is located in a circle with a shared center point. These geometric principles determine the stereotactically guided 
percutaneous implantation of the lengthwise support connecting the polyaxial pedicle screws without the necessity of prolonged 
exposure of the spine during an operation. The appliance consists of two arms of equal length with a cross-connection on a plane on 
which swivels a circular arm of freely selected radius and holding the circular lengthwise support. 
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® SeteJhS!S kti8Ch 9efQhrte " P erkutanen Implantation der Langsverbindung der polyaxialen 

® Die offene transpedikulare Instrumentierung der Wir- 
belsa'ule und die perkutane Schraubenplazierung sind 
etablierte Operationsmethoden. Doch wurde noch kein 
Weg einer komplett perkutanen Implantation der Pedikel- 
schrauben und derer Langsverbindung beschrieben. 
Er hatte ein geringeres intraoperative* Muskeltrauma, 
kleineren Blutverlust und eine kurzere Operationszeit zur 
Fblge. 

Das Wirkungsprinzip des Gerates entspricht den Prinzi- 

pien eines gleichschenkligen Dreiecks. Es besitzt einen 

Umkreis, der dessen Ecken schneidet, ahnlich wie die sa- 
gittate Krummung der LendenwirbelsSule die Eintritts- 

punkte der zwei Pedikelschrauben durchlauft. Eine 

Schraubenlangsverbindung gleicht einem Kreisbogen 
T- mit einem definierbaren Radius und Mittelpunkt. 
^ Die perkutan auf den Schraubenkopfen sitzenden gleich- 

langen Kanulen sind zu einer Dreieckverbindung ge- 
00 schlossen, urn die der vorgebogene Stab bewegt und per- 
00 kutan in die Schraubenkopfe hineingeschwenkt wird. 
0) Anwendungsgebiet 

^ Das Instrument setzt an der Basis der Wirbelsaulenchirur- 
L, gie ein. Viele Indikationen fur eine dorsale Zuggurtung 
*J ohne Notwendigkeit einer Splnalkanalinzision konnten 
W dadurch ersetzt werden. 
O 
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Beschreibung um den auf einem Schwenkstab sitzender und die Pedikel- 

schrauben zu verbindender Langstrager gegebenenfalls be- 
Der aktuelle Stand der Technik wegt werden kann (im Kreis an einem festen Arm) (Zeich- 

r.- n ™g3).EmevorgegebeneI^gso%erMmmungistdaher 

LUU01J Die offene transpedikulare Instrumentierung der 5 die \foraussetzung fiir eine derartige Implantation Diese 
Wirbelsaule ist eine bereits seit Jahrzehnten etablierte Ope- muss industriell gewahrleistet sein, und betragt etwa 18 cm 
rationsmethode (2-19, 21-28, 32, 34-37, 40-41, 44^7, Folgt die Kriimmung (Radius) der Wirbelsaule einem Kreis 
49-55, 57-60). Die rasche Entwicklung der wirbelsaulen- nicht, ist die Dreieckkonstruktion alleine dutch eine entspre- 
sr«zifischenOperationstechnik,derZugangswegesowiedie cbende Scbxaubenposinonierung und Ankippung der be- 
ln den letzten Jahren geradezu explosionsartig gestiegene 10 weglichen polyaxialen Schraubenkopfe zur Aufnahme des 
Zahl der Implantate machen es zwingend erforderlich, auch kreisfdrmig vorgebogenen States m6glich. 
hach neuen Ideen zu suchen. Die von alien Seiten geforderte [0005] Das Prinzip der ganzlich perkutanen Wirbelsaulen- 
chirurgische rnimmalinvasiveBehandlungspbilosophie wird instrumentierung stiitzt sich auf die bereits im Vorfeld erar- 
es m derZukunft verbieten, die hiiung nur zur Unterstutzung beiteten Techniken der perkutanen Schraubenimplantation 
der endgulugen ventralen Instrumentation durchgefuhrte 15 (1,20, 29, 30-31, 33 38-39, 42-44, 48, 56) Nach Erfassune 
dorsale Stabilising im Sinne einer dorsalen Zuggurtung der Pedikeleintrittspforte unter dem C-Bogen oder aber un- 
mittels der herkommlichen Muskel- und Bandapparat zer- terstiitzt mit der spinalen Navigation, beginnt die perkutane 
storenden Zngangsweise durchzufflhren. Wahrend die die Instrumentation des Pedikels mit einem Kirschnerdraht. Da- 
Baucnmuskulatur schonenden allgemeinchirurgischen en- nachfolgtdereigentiicheHautschnitt-jeweilsetwal8mm 
doskopischenZugange bereits auf brdteZustimmunggesto- 20 pro 1 Schraube. tjber den im Pedikel liegenden Kirschner- 
Ben sind und mit groBem Konnen durchgefuhrt werden, draht werden sukzessive Dehnungskanulen bis zum Errei- 
wurden noch keine etablierten Methoden beschrieben, die chen eines entsprechend weiten Arbeitskanals eingebrachL 
erne komplette perkutane Implantation der Pedikelschrau- Dieser wird mit einer Platzhaltekantile festgehalten diewie- 
benundderLangstragerstandardisierenundoptimalermog- derum auch mit einem Fixierarm optional gebalten werden 
hchen. Die perkutane . Schraubenplazierung ist dagegen seit 25 kann. Diese Kaniile ist bereits ein Teil des Stabeinfiihrsy- 
derEimTihrungl984(l,20,29,30-31,3338-39,42-44,48, stems, spater "KarusseU" genannt. DerPedikel wird nun enl 
56) eine anerkannte Methode, die jedoch per definitionem weder mit dem ublichen lumenhaltigen Bohrer aufgebohrt 
erne externe Verbindung der perkutan implantierten Schrau- und dann nach Entfernung des Kirschnerdrahtes mit einer 

ben zum Ziel hat. Sie hatte langst den Eingang in den klini- standardmaBigen polyaxialen Schraube versehen Dieser 
schen AUtaggefunden,konnte sich dennoch nicht weitver- 30 Vorgang ware auch nach vorausgegangenem Gewinde- 

breiten, da sich die Handhabung der extrakorporalen Mon- schneiden (kanuUerter Gewindeschneider) moelich Ober 

tage als recht problematisch erwiesen hat. Die Befilrworter den Kirsctaerdraht wird ebenso eine kantllierte polyaxiale 

dieser Techmk hatten allerdings diverse Verfahren entwte- Pedikelschraube eingefuhrt. Die erste Option ermoglicht die 

kelt, die erne anatomisch belegbare und standardisiert si- Benutzung der Standardimplantate, jedoch mit der Gefahr 
t C ^ [ TTl^^}^ C ^^ em ° sUchmi29 - 30 ' 35 den Schraubenkanal durch eine unkontrollierte Verschie- 

48, 56 >- Die Fehlplazierungsrate wurde dadurch bung der Arbeitskaniile zu verlieren. Die zweite Mdelich- 

minimalisiert und gleicht einer offenen Schraubenimplanta- keit bedarf der Spezialimplantate (perforierte polyaxiale 

b-j u L Schrauben), jedoch in Kombination mit der spinalen Navi- 

E?T!n j ^ metorEn JahreD beschriebcnen 8^ bietet sie eine relevant kflrzere Durchleuchtunaszeit. 
Method* der perkutanen Schraubenimplantation war es bis 40 Eine Durchleuchtung ist nur am Anfang zur Positionierung 

dato offensichtlich mcht moglich, die Schraubenkopfe im des Kirschnerdrahtes notwendig. Liegt dieser korrekt, erfol- 

gleichen (perkutanen) Arbeitsgang mit den Staben zu ver- gen weitere Schritte ohne Notwendigkeit einer ausriebieen 

bmden. Erst erne rem perkutane vollstandige Wirbelsaulen- Rontgenkontrolle. " 

instrumentation einschlieBlich Montage der schraubenver- [0006] WUnschenswert ist eine leicht (5-10 Grad) konver- 

bmdenden Litagstrtger wiirde einen weiteren Schritt auf 45 gierende oder aber weitgehend parallele Positionieruns der 

dem Gebiet der Mimmahsierung des iatrogenen Traumas einseitigen Schraubenpaare 

bedeuten. Dieses Problem wird durch die im Patentanspruch [0007] Die Schraube wird durch die Arbeitskanule einge- 

SSS^T < ^ teei g ens . chaften i el8st - bracht, wobei der Schraubenkopf mit einem Instrument 

lUUUJj Das Wirkungspnnzip des GerStes leitet sich aus (Zeichnung 4) festgehalten und positioniert wird Das In- 

den einfachen geometnschen Prinzipien ab (Zeichnung 1, 50 strument wird in der Arbeitskanule durch eine in seiner 

2) ™,? reiec * h ? 1 Umkrcis . lessen Mittelpunkt in- Wand ebgefrasten Fiihrung eingebracht, so dass das UTjer- 

nerhaft dieses Dreiecks hegt und aUe 3 Ecken schneidet. einanderliegen der seitlichen Schraubenoffhung und der auf 

perMittelpunktdesUmkreisesistderSchnittpunktderMit. dem Schraubenkopf sitzenden KanOle, die ebenso im Be- 

telsenkrechten to einem gleichschenkligen Dreieck liegt reich des Schraubenkopfes eine seitliche Offhung besitzt, 

der Mtaelpunku ies Umkreises m der Symmetrieachse des 55 gewahrleistet ist. Diese Vorgange werden einseitig an der 

Dreiecks (45) Die sagittate Kriimmung der Lendenwirbel- oberen und unteren Schraube durchgefflhrt. Auf die nach au- 

saule beschreibt einen Kreis, bzw. ein Oval. Gemessen an Ben (extrakutan) hin verlangerten Implantate wird das ei- 

den EintntBpunkten der zwei Pedikelschrauben eines oder genttiche Stabeinfuhrinstrument aufgesetzt (Zeichnune 5) 

mehrerer Bewegungssegmente, werden diese durch den [0008] Das eigentliche Instrument besteht aus zwei Auf- 

Kreisgeschnitten (Zeichnung 2, 3). Somit ist der ein Schrau- 60 satzen, die auf die Arbeitskaniilen aufgesteckt werden Sie 

benpaar verbindende Stab geometrisch gesehen bei vorge- sind mit der BrOcke verbunden, auf welcher der bewegliche 

getenerKrUrnmungein Kreisbogen mit einem definierbaren Arm fixiert ist (Zeichnung 5). Da der interpedikulare Ab- 

RaAus und Mittelpunkt. stand nicht konstant ist, ist auch eine stufenloTverstellung 

£004] Die perkutan auf den Schraubenkopfen sitzenden und Atretierung des Kantilenabstandes notwendig. Bei Ver- 

Kanulen and gleich lang. Durch eine Briicke werden sie zu 65 anderung des interpedikularen Abstandes andert sich aber 

einer Verbindung geschlossen, die geometrisch betrachtet auch der Winkel der KanUlen zueinander, da die Ausrich- 

einem gleichschenkhgen Dreieck entspricht. Dieses Dreieck tung der frei beweglichen Schraubenkfipfe der Krummung 

und der Umkreis besitzen somit den gleichen Mittelpunkt, des festgelegten Radius des Langstragers zwangslauflg fol- 
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gen muss. Damit das geometrische Prinzip eines gleich- sale Zuggurtung ohne Notwendigkeit einer Spinalkanatinzi- 

schenkhgen Draecks im Umkreis greift, miissen die auf den sion vollkommen ersetzen, da mit den herkonimKchen Im- 

Sc^benkbpfen sitzenden ArbatskanUlen samt der Auf- plantaten zuzfigtich des o. g. Instruments eine einfache und 

Jtoenbewegbarbzw. k. PP bar sein Durcb ein Zahnradprin- viel schonendere Option der dorsalen Stabilisiening ge- 

apsinddieaufdenSchraubenkanulensteckendenAufsatze 5 waMeistetware 

nnJ^'i^- 1 ? gleic ™f *f P? m l bei Abstand " [°° 16 1 ^ Integration der zusatzlichen Schrauben (mehr 

2 T 8 ^ und al S 2S C h ra utenineine r Reihe)indasInstrumentschei n tauf 

der Erhaltung der geometnschen Grundsatze des gleich- jeden Fall moglich zu sein, bedarf jedoch einer praziseren 

n^ S £?r? "n f „ ^, , . ImP^tationderSchraubenlageindermitdemStobzuver- 

[0009] SitztdasKar^seUaufdenPedrkelschrauben.wird 10 sorgenden Reihe. Die mittleren Schrauben miissen entire- 

der vorgebogene Stab perkutan in die Schraubenkopfe fiber chend defer zu liegen kommen; die primare Verwendung 

den beweghchen Arm hmeingeschwenkt und mit der Innen- der sog. Langkopfschrauben konnte von Vorteil sein Danrit 

mmm 7 v 11 ,. n u ■ warenaufdieseWeisedieleichterenFormenderSpondylo- 

L0010J Zur Vemngerung des Gewebswiederstandes am listhesen (Meyerding 1 bis 2) ohne eine nennenswerten Spi- 

mm AT? h 6 en ^ re e hend ^pitzt sein. l5 nalkanalstenose schonend zu versorgen, vorausgesetzt, eL 

[00U] Damit erne derartige Instrumentation durchgefflhrt ventrale Absrtitzung folgt. Eine peridural endoskopisch un- 

werden kann sind v.er Hautmasionen von etwa 18 mm terstlitzte Dyscektomie mit nachfolgendem Zwischenwir- 

Lange zur Einbnngung der Pedikelschrauben. zwei Inzisic- belraumersatz sind beim rein dorsalen Zugang denkbSe 

tinn Z S I ""J^T ? M Insttumentation ^ Brustwirbelsaule ist monLgmental bis 

ton der Langstrager nbtig. Eine Fasc.ennabt ist bei dem 20 bisegmental mSglich. Zu bedenken ist jedoch einfetwas hi 

2KT? r D ^^d ^ 0 ^ C h. here Position der Schraubenkopfe, damit ein KoSdt 

[0012] DasGeratfosstsichnutgenngfugtgen Veranderun- Lfingstragers mit dem WirbelsSulenabschnitt zwischen den 

gen an jede derzeit emSltliche polyaxiale Pedikelschraube/ PedLlschrauben vermieden wird 
bchraubensystem anwenden. 
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und konnen bedingt durch die Geratemerkmale entlang 
des Langstragers bis zu einem Grad gleichmaBig zu- 
oder auseinander bewegt werden, wodurch eine Kom- 
pression und Distraktion der Wirbel enrielt wird. 
3. Das Gerat nach Patentanspruch 1, dadurch gekenn- 
zeichnet, dass - bedingt durch die Geratekonstruktion 
- die in einer Ebene erzwungene Position der Schrau- 
benkopfe eine gleichzeitige perkutane Verbindung von 
mehr als einem Schraubenpaar ermoglicht. 

Hierzu 5 Seite(n) Zeichnungen 



Paten tanspriiche 

1. Gerat zur stereotaktisch gefuhrten perkutanen Im- 
plantation der Langsverbindung der Pedikelschrauben, 
dadurch gekennzeichnet, dass durch Einhaltung der so 
bestimmten geometrischen Prinzipien des gleich- 
schenkligen Dreiecks in einem Umkreis mit gemeinsa- 
men Mittelpunkt, die die Geratekonstruktion charakte- 
risieren, eine stereotaktisch gefiihrte perkutane (ge- 
schlossene) Implantation des die polyaxialen Pedikel- 55 
schrauben verbindenden Langstragers ohne Notwen- 
digkeit einer langstreckigen operativen Freilegung der 
Wirbelsaule mOglich isL 

2. Das Gerat nach Patentanspruch 1, dadurch gekenn- 
zeichnet, dass das Gerat aus zwei gleich langen Armen, 60 
mit einer Querverbindung in einer Ebene zusammenge- 
schlossen, zusammengesetzt ist, auf der ein schwenk- 
barer, zu einem Kreis von einem frei bestimmbaren Ra- 
dius gebogener Arm, zur Aufnahme des ebenso kreis- 
fSrmig gebogenen Langstragers aufgesetzt ist, der per- 65 
kutan eingefUhrt wird. Die K8pfe der zu vor perkutan in 
die Wirbelsaule eingebrachten polyaxialen Pedikel- 
schrauben werden dabei in einer Ebene aufgerichtet 
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Zeichnung 1 

Gleichschenkliges Dreieck in einem Umkreis 



M 




A = A 

X- Dreieck / Umkreismittelpunkt 
YZ- Kreisbogen 
M- Symmetrieachse 
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Device for stereotactically guided percutaneous implantation of the longitudinal connectors of polyaxial pedicle 
screws. 

Open transpedicular instrumentation of the spine and percutaneous screw placement are established operating 
techniques. However, up to this date no method has been specified for a completely percutaneous implantation 
of pedicle screws and their longitudinal connectors. 

Such a technique would reduce intraoperative muscle trauma, blood loss, and surgery time. 

The device's principle of operation corresponds to the principles of an isosceles triangle. Its circumcircle crosses 

its corners, similar to the sagittal bend of the lumbar spine crossing the entrance points of the two pedicle 

screws. A longitudinal screw connector is comparable to a circular arc with a definable radius and center point. 

The equally long cannulas seated percutaneously on the screw heads close to a triangular connection, around 

which the pre-bent rod is moved and tilted percutaneously into the screw heads. 

Area of Application 

The instrument's area of application starts at the base of lumbar spine surgery. This allows replacement of many 
indications for dorsal tension band wiring without the need of a spinal canal incision. 



Specification 
Prior Art 



[0001] Open transpedicular instrumentation of the spine has been an established operating technique for several 
decades (2-19, 21-28, 32, 34-37, 40-41, 44-47, 49-55, 57-60). Rapid development of spine-specific operating 
techniques, new access routes, and the almost explosive increase in the number of implants dictate the search 
for new ideas. Wide-spread support for minimum invasive surgical treatment philosophy will eventually forbid 
dorsal stabilization often used to assist the final ventral instrumentation by dorsal tension band wiring using 
conventional muscle and ligament destroying access routes. While general surgical endoscopic accesses that are 
gentle to the pelvic muscles have become widely accepted and are performed with great skill, no established 
techniques have been specified to provide a standard and to allow optimum completely percutaneous 
implantation of pedicle screws and longitudinal connectors. However, percutaneous screw placement is an 
accepted technique since its introduction in 1984 (1, 20, 29, 30-31, 33 38-39, 42-44, 48, 56), but according to 
definition its objective is an external connection of the percutaneously implanted screws. Even though it has 
been accepted in clinical environments its use never spread, since extracorporeal mounting proved to be rather 
problematic. Supporters of this technique developed various procedures that allow an anatomically documented 
and standardized safe pedicle screw placement (29-30, 39, 43-44, 48, 56). This resulted in a minimized 
malposition rate and is similar to an open screw implantation. 

[0002] To this date, the percutaneous screw implantation technique that has been specified for several years has 
not provided a solution for connection of the screw heads with the rods in one (percutaneous) process. Only a 
purely percutaneous complete spinal instrumentation including mounting of the longitudinal screw connectors 
would represent another step forward in regards to minimizing iatrogenous trauma. This problem will be solved 
by the device characteristics specified in the patent claim. 

[0003] The device's principle of action is based on simple geometric principles (drawing 1, 2). Every triangle 
has a circumcircle with a center point inside the triangle, whereby the circumcircle crosses all 3 corners. The 
Center point of the circumcircle is the intersection of the apothem. In an isosceles triangle, the circumcircle's 
center point lies on the triangle's axis of symmetry (45). The sagittal bend of the lumbar spine describes a circle 
or an oval. Measured at the entrance points of the two pedicle screws of one or more movement segments, these 
points are crossed by the circle (drawing 2, 3). In geometrical terms, the rod connecting the two screws is a 
circular arc with a definable radius and center point at a predetermined bend. 

[0004] The cannulas seated percutaneously on the screw heads are of equal length. A bridge closes them to 
provide a connection that corresponds geometrically to an isosceles triangle. This triangle and its circumcircle 
have the same center point around which a longitudinal connector seated on a swivel rod can be moved for 
pedicle screw connection (in a circle on a fixed arm) (drawing 3). This type of implantation requires a 
predetermined longitudinal connector bend. This must be warranted on an industrial level and should be about 
18 cm. If the bend (radius) of the spine does not follow a circle, the triangle construction can be achieved by 
corresponding screw placement and tilting of the movable polyaxial screw heads for mounting of the circular 
preshaped rod. 

[0005] The principle of completely percutaneous spine instrumentation is based on previously developed 
techniques for percutaneous screw implantation (1, 20, 29, 30-31, 33 38-39, 42-44, 48, 56). After locating the 
pedicle entrance point under the C-arm or with the support of spinal navigation, percutaneous instrumentation 
of the pedicle is started using a K-wire. Then, the actual skin laceration is performed - about 18 mm per 1 
screw. Above the K-wire inside the pedicle, expanding cannulas will be inserted successively until an 
appropriately wide working canal has been established. This canal is held in place by a placeholder cannula 
which in turn may be held by a fixing arm (optional). This cannula is part of the rod introducer system which 
will be referred to as "carousel" later on. Then, the pedicle will be drilled open using a standard lumen-type drill 
and after removal of the K-wire it will be provided with a standard polyaxial screw. This process could also be 
performed after previous tapping (cannulated drill). Additionally; a cannulated polyaxial pedicle screw will be 



introduced over the K-wire. The first option allows use of standard implants, however, it also bears the risk that 
an uncontrolled shift of the working cannula will result in the loss of the screw canal. The second option 
requires special implants (perforated polyaxial screws), but in combination with spinal navigation it allows for a 
relatively shorter fluoroscopy time. Fluoroscopy is only necessary at the beginning for K-wire positioning. Once 
the K-wire is positioned correctly, the following steps can be performed without extensive fluoroscopy. 
[0006] Preferably, the one-sided screw pairs should be positioned at a slight convergence (5-10 degrees) or an 
- overall parallel position. 

[0007] The screw will be introduced through the working cannula, whereby the screw head will be held and 
positioned with an instrument (drawing 4). The instrument will be introduced into the working cannula through 
a guideway cut into its wall in order to ensure that the lateral screw holes and the cannula seated on the screw 
head, which also has a lateral opening in the area of the screw head, are positioned on top of each other. These 
procedures are performed on one side at the upper and lower screw. The actual rod introducer instrument will 
be placed on the implant which extends towards the outside (extracutaneous) (drawing 5). 
[0008] The actual instrument consists of two attachments that will be plugged onto the working cannulas. They 
are connected with the bridge on which the movable arm is fixated (drawing 5). Since the interpedicular 
distance is not constant, infinitely variable adjustment and locking of the cannula spacing is required. Any 
change of the interpedicular spacing results in a change of the angle between the cannulas, since the alignment 
of the freely movable screw heads must positively follow the bend of the defined longitudinal connector radius. 
In order to realize the geometric principle of an isosceles triangle in its circumcircle, the working cannulas 
seated on the screw heads must be movable and/or tiltable. The attachments plugged onto the screw cannulas 
are connected by gears which affect their uniform tilting during screw head spacing and angle changes and 
ensure that the geometric principles of an isosceles triangle are maintained. 

[0009] Once the carousel is seated on the pedicle screws, the pre-bent rod swivels via the movable arm 

percutaneously into the screw heads and is lightly fastened with the inside nut. 

[0010] In order to reduce tissue resistance at the start of the rod, the rod must be tapered accordingly. 

[0011] The completion of this type of instrumentation requires four about 18 mm long skin incisions for 

insertion of the pedicle screws, and two incisions with a length of about 6 to 7 mm for percutaneous 

implantation of the longitudinal connectors. Fascia sutures are not absolutely required for skin closure. 

[0012] With minor modifications, this device can be used for any polyaxial pedicle screws/screw system 

currently available. 

Benefits 

[0013] Only a purely percutaneous complete stabilization including mounting of the longitudinal screw 
connectors would represent another step forward in regards to minimizing iatrogenous trauma during basic 
dorsal lumbar spine instrumentation. It could combine the benefits of some indications of open and 
percutaneous screw implantation and upon further development change the treatment philosophy to a certain 
degree. The benefits are obvious: The intraoperative muscle trauma is significantly reduced, since muscles will 
not have to be detached in order to expose the lumbar spine; plus after an appropriate learning curve, surgery 
time will be significantly shortened. Effects like significantly smaller post-surgery scars, or better patient 
acceptance due to the significantly less severe invasion are of lesser medical significance. The quicker post- 
surgery mobilization of patients known from peridural endoscopic intervertebral disk surgery in comparison to 
the classical or microscopic surgery technique will be even more significant with the open access to the lumbar 
spine implementation and the multiple times longer access length. 

[0014] The result is a negligent blood loss and minimum muscle trauma, since muscle fibers will not be severed 
but merely displaced. The exposed muscle fibers immediately close the access tunnel; bleeding or rough lesions 
of the muscle tissue are very rare. Trauma-related post-surgery pain is reduced significantly; mobilization of the 
patient will occur sooner. 



Possible Applications 



[0015] The instrument is used at the base of transpedicular lumbar spine instrumentation, and therefore, it is not 
a highly specific development for particular issues in lumbar spine surgery. Therefore, the potential area of 
application is respectively high as this presents an already wide user base. Theoretically, most indications for 
dorsal tension band wiring could be replaced completely in the future without the necessity of spinal canal 
incision, since a simple and much less invasive option for dorsal stabilization could be ensured with 
conventional implants and the described instrument. 

[0016] Integration of additional screws (more than 2 screws in a row) into instrument seems to be absolutely 
possible, however, it will require a more precise implantation of the screw position in the row to be served by 
the rod. The center screws must be accordingly deeper; primary use of so-called oblong head screws could be 
beneficial. This would allow gentle care of lighter forms of spondylolistheses (Meyerding 1 to 2) without any 
notable spinal canal stenosis, provided a ventral support is provided. A peridural endoscopically supported 
dyscectomy with subsequent intervertebral space replacement are feasible with a purely dorsal access. 
Instrumentation of the thoracic spine is feasible monosegmental to bisegmental. However, a slightly higher 
position of the screw heads should be considered in order to avoid any conflict between the longitudinal 
connector and the spine section between the pedicle screws. 
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Patent Claims 

1. Device for stereotactically guided percutaneous implantation of the longitudinal connectors of pedicle 
screws, characterized by the adherence to certain geometrical principles of an isosceles triangle within a 
circumcircle with shared center point characterizing the device construction, a stereotactically guided 
percutaneous (closed) implantation of the longitudinal connector that connects the polyaxial pedicle screws 
without the necessity to provide a long surgical opening to expose the spine. 

2. The device according to Claim 1, characterized by the device consisting of two equally long arms that are 
connected at one level by a transverse connection, with a swivelling arm that is bent to a freely definable radius 
for mounting the longitudinal connector which has the same circular shape and will be introduced 
percutaneously. The heads of polyaxial pedicle screws that were previously inserted into the spine will be 
aligned at one level and due to the device characteristics can be uniformly moved apart or towards each other up 
to a certain degree, resulting in the compression or distraction of the vertebra. 

3. The device according to Claim 1, characterized by the forced screw head position at one level - due to the 
device construction - allowing the simultaneous percutaneous connection of more than one pair of screws. 
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Drawing 1 
Isosceles Triangle in a Circumcircle 
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Device for stereotactically guided percutaneous implantation of the longitudinal connectors of polyaxial pedicle 
screws. 
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Drawing 2 
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Device for stereotactically guided percutaneous implantation of the longitudinal connectors of polyaxial pedicle 
screws. 
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Drawing 3 
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Swivel arm 
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Device for stereotactically guided percutaneous implantation of the longitudinal connectors of polyaxial pedicle 
screws. 
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Drawing 4 



Device for stereotactically guided percutaneous implantation of the longitudinal connectors of polyaxial pedicle 
screws. 
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Drawing 5 
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Device for stereotactically guided percutaneous implantation of the longitudinal connectors of polyaxial pedicle 
screws. 
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Device for stereotactically guided percutaneous implantation of the longitudinal connectors of pedicle screws 

Device for stereotactically guided percutaneous implantation of the longitudinal connectors of pedicle screws, 
characterized by a bridge with at least two attachments with infinitely variable spacing for mounting two 
equally long working cannulas which sit on the pedicle screw heads after the pedicle screws have been fastened, 
and by a swivel arm in a pivot on the bridge above the variable attachments which has a mount at its free end 
for a semi-circular longitudinal connector that is provided for the longitudinal connection of the pedicle screws, 
whereby the pivot above the bridge is arranged in a way where the semi-circular longitudinal connector at the 
free end of the swivel arm will move through both pedicle screw heads when the swivel arm is swiveled. 
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Specification 



[0001] The invention concerns a device for stereotactically guided percutaneous implantation of the 
longitudinal connectors of pedicle screws. Its area of application starts at the base of lumbar spine surgery and 
may replace many indications for dorsal tension band wiring without requiring any spinal canal incision. The 
device can be adapted for any currently available polyaxial pedicle screws/screw systems. 
[0002] Open transpedicular instrumentation of the lumbar spine has been an established surgery technique for 
many years. Rapid development of spine-specific operating techniques, new access routes, and the almost 
explosive increase in the number of implants dictate the search for new ideas. Wide-spread support for 
minimum invasive surgical treatment philosophy will eventually forbid dorsal stabilization often used to assist 
the final ventral instrumentation by dorsal tension band wiring using conventional muscle and ligament 
destroying access routes. While general surgical endoscopic accesses that are gentle to the pelvic muscles have 
become widely accepted and are performed with great skill, no established techniques have been specified to 
provide a standard and to allow optimum completely percutaneous implantation of pedicle screws and 
longitudinal connectors. However, percutaneous screw placement is an accepted technique since its introduction 
in 1984, but according to definition its objective is an external connection of the percutaneously implanted 
screws. Even though it has been accepted in clinical environments its use never spread, since extracorporeal 
mounting proved to be rather problematic. 

[0003] To this date, the percutaneous screw implantation technique that has been specified for several years has 
not provided a solution for connection of the screw heads with the rods in one (percutaneous) process. Only a 
purely percutaneous complete spinal instrumentation including mounting of the longitudinal screw connectors 
would represent another step forward in regards to minimizing iatrogenous trauma. 

[0004] DE 297 03 947 Ul specifies a device for percutaneous pedicle screw placement, in particular for 
percutaneous pedicle screw placement and/or vertebra fusion. The spine is blocked in one movement element at 
the rear section of the spine. To achieve this, screws are placed percutaneously in the vertebra alternating 
between medial and lateral. For the completion of screw placement, the specified device will be fixated to a 
spine section that is not involved in the actual procedure. The screws placed with the assistance of this device 
will not affect a complete blockage of the spine, since a certain movement range will be maintained in the front 
section of the spine. Then the initially pain-free section of the spine will become sensitive again. Therefore, this 
procedure only can be used as diagnostic procedure prior to further intervention for disk replacement. 
[0005] This invention has the objective to create a device for percutaneous implantation of the pedicle screws' 
longitudinal connector. 

[0006] This objective is met by patent claim 1. The invented device for stereotactically guided percutaneous 
implantation of the longitudinal connectors of pedicle screws is characterized by a bridge with at least two 
attachments with infinitely variable spacing for mounting two equally long working cannulas which sit on the 
pedicle screw heads after the pedicle screws have been fastened, and by a swivel arm in a pivot on the bridge 
above the variable attachments which has a mount at its free end for an arched longitudinal connector that is 
provided for the longitudinal connection of the pedicle screws, whereby the pivot above the bridge is arranged 
in a way where the arched longitudinal connector at the free end of the swivel arm will move through both 
pedicle screw heads when the swivel arm is swiveled. Preferably, the pedicle screws should be perforated 
polyaxial screws. 

[0007] Additional preferred embodiments are specified in the dependant claims. An instrument for insertion of 
the pedicle screws is the subject of Claim 4. 

[0008] The device for stereotactically guided percutaneous implantation of the pedicle screws' longitudinal 
connector has two attachments that are plugged onto the working cannulas. They are connected with the bridge 
on which the movable arm is fixated. Since the interpedicular distance is not constant, infinitely variable 
adjustment and locking of the cannula spacing is required. Any change of the interpedicular spacing results in a 
change of the angle between the cannulas, since the alignment of the freely movable screw heads must 
positively follow the bend of the defined longitudinal connector radius. In order to realize the geometric 



principle of an isosceles triangle in its circumcircle, the working cannulas seated on the screw heads must be 
movable and/or tiltable. The attachments are connected by gears which affect their uniform tilting during screw 
head spacing and angle changes and ensure that the geometric principles of an isosceles triangle are maintained. 
Once the carousel is seated on the pedicle screws, the pre-bent longitudinal connector swivels via the movable 
arm into the screw heads and is fastened with the inside nut. 

[0009] Integration of more than two screws in one row in the instrument for stereotactically guided 
percutaneous implantation of the pedicle screws' longitudinal connectors is possible in any case, if the pedicle 
screws have been implanted with high precision so they can be caught by the arched longitudinal connector. 
The center pedicle screw must be accordingly lower. The use of so-called oblong head screws could be 
beneficial. This would allow gentle care of lighter forms of spondylolistheses (Meyerding 1 to 2) without any 
notable spinal canal stenosis, provided ventral support is provided. A peridural endoscopically supported 
dyscectomy with subsequent intervertebral space replacement are feasible with a purely dorsal access. 
[0010] In order to reduce tissue resistance, the longitudinal connector should be tapered accordingly. 
[0011] The principle of operation of this device for stereotactically guided percutaneous implantation of the 
pedicle screws' longitudinal connector is derived from the geometric principle that each triangle has a 
circumcircle, whereby its center point lies within the triangle and serves as intersection of the apothem an the 
triangle sides. The circumcircle crosses all corners of the triangle. In an isosceles triangle, the circumcircle's 
center point lies on the triangle's axis of symmetry. 

The sagittal bend of the lumbar spine describes a semi-circle or part of an oval. Measured at the entrance points 
of the two pedicle screws of one or more movement segments, these points are crossed by the circle. In 
geometrical terms, the rod connecting the two screws is a circular arc with a definable radius and center point at 
a predetermined bend. The cannulas seated percutaneously on the screw heads are of equal length. A bridge 
closes them to provide a connection that corresponds geometrically to an isosceles triangle. This triangle and its 
circumcircle share the same center point around which a longitudinal connector seated on the free end of a 
swivel arm can be moved for pedicle screw connection. This type of implantation requires a predetermined 
longitudinal connector bend. If the bend of the spine does not follow a circle, the triangle construction can be 
achieved by corresponding screw placement and tilting of the movable polyaxial screw heads for mounting of 
the circular preshaped longitudinal connector. 

[0012] After locating the pedicle entrance point under the C-arm or with the support of spinal navigation, 
percutaneous instrumentation of the pedicle is started using a K-wire. Then, the actual skin laceration is 
performed - about 18 mm per screw. Above the K-wire inside the pedicle, expanding cannulas will be inserted 
successively until an appropriately wide working canal has been established. This canal is held in place by a 
placeholder cannula which in turn may be held by a fixing arm. This cannula is part of the rod introducer 
system also known as "carousel". Then, the pedicle will be drilled open using a standard lumen-type drill and 
after removal of the K-wire it will be provided with a standard polyaxial screw. This process could also be 
performed after previous tapping (cannulated drill). Additionally, a cannulated polyaxial pedicle screw will be 
introduced over the K-wire. The first option allows use of standard implants, however, it also bears the risk that 
an uncontrolled shift of the working cannula will result in the loss of the screw canal. For the second option 
special implants (perforated polyaxial screws) are required. In combination with spinal navigation, relatively 
short fluoroscopy times are made possible. Fluoroscopy is only necessary at the beginning for K-wire 
positioning. Once the K-wire is positioned correctly, the following steps can be performed without extensive 
fluoroscopy. 

[00013] Preferably, the one-sided screw pairs should be positioned at a slight convergence (5-10 degrees) or an 
overall parallel position (on the sagittal plane). 

[00014] The screw will be introduced through the working cannula, whereby the screw head will be held and 
positioned with an instrument for which a solution has been provided also. The instrument will be introduced 
into the working cannula through a guideway cut into its wall in order to ensure that the lateral screw holes and 
the cannula seated on the screw head, which also has a lateral opening in the area of the screw head, are 
positioned on top of each other. These procedures are performed on one side at the upper and lower screw. The 



actual device for stereotactically guided percutaneous implantation of the pedicle screws' connector will be 
placed on the implants which extend towards the outside (extracutaneous). 

[0015] The completion of this type of instrumentation requires four about 18 mm long skin incisions for 
insertion of the pedicle screws, and two incisions with a length of about 6 to 7 mm for percutaneous 
implantation of the longitudinal connectors. Fascia sutures are not absolutely required for skin closure. 
[0016] The major advantage of this device for stereotactically guided percutaneous implantation of the pedicle 
screws' connector is that intraoperative muscle trauma is significantly reduced, since muscles will not have to be 
detached in order to expose the spine. Plus after an appropriate learning curve, surgery time will be significantly 
shortened. Effects like significantly smaller post-surgery scars, or better patient acceptance due to the 
significantly less severe invasion are of lesser medical significance. The quicker post-surgery mobilization of 
patients known from peridural endoscopic intervertebral disk surgery in comparison to the classical or 
microscopic surgery technique will be even more significant with the open access to the lumbar spine 
implementation and the multiple times longer access length. 

[0017] The result is a negligent blood loss and minimum muscle trauma, since muscle fibers will not be severed 

but merely displaced. The exposed muscle fibers immediately close the access tunnel; bleeding or rough lesions 

of the muscle tissue are very rare. Trauma-related post-surgery pain is reduced significantly; mobilization of the 

patient will occur sooner. A simple and gentle dorsal stabilization option can be ensured. 

[0018] Instrumentation of the thoracic spine is feasible monosegmental to bisegmental. However, a slightly 

higher position of the screw heads should be considered in order to avoid any conflict between the longitudinal 

connector and the spine section between the pedicle screws. 

[0019] The invention will be explained in the following embodiment example. 

[0020] Fig. 1 shows the geometric principle of the invented device structure; 

[0021] Fig. 2 shows the principal structure of the invented device; 

[0022] Fig. 3 shows the principal structure of the invented device according to Fig. 2 with bridge; 
[0023] Fig. 4 shows the instrument for the insertion of pedicle screws; and 

[0024] Fig. 5 shows the principal structure of the invented device according to Fig. 3 when used at a spine. 
[0025] Fig. 1 shows the geometric principle of the invented device structure. It illustrates the principle of 
operation of the device for stereotactically guided percutaneous implantation of the pedicle screws' longitudinal 
connector. It is derived from the geometric principle of every triangle having a circumcircle, whereby its center 
point lies within the triangle and serves as intersection of the apothem and the triangle sides. The circumcircle 
crosses all corners of the triangle. In an isosceles triangle, the circumcircle's center point lies on the triangle's 
axis of symmetry. The sagittal bend of the lumbar spine describes a semi-circle or part of an oval. Measured at 
the entrance points of the two pedicle screws of one or more movement segments, these points are crossed by 
the circle. In geometrical terms, the longitudinal connector that connects the two screws is a circular arc with a 
definable radius and center point at a predetermined bend. 

[0026] Fig. 2 shows the principal structure of the invented device without bridge; it illustrates the geometric 
connection between Fig. 1 and Fig. 3. 

[0027] Fig. 3 shows the principal structure of the invented device with bridge. In this embodiment example, the 
device for stereotactically guided percutaneous implantation of the pedicle screws' longitudinal connector has a 
bridge with at least two attachments with infinitely variable spacing for mounting two equally long working 
cannulas which sit on the pedicle screw heads after the pedicle screws have been fastened. A swivel arm is 
provided in a pivot on the bridge above the variable attachments which has a mount at its free end for mounting 
an arched longitudinal connector that is provided for the longitudinal connection of the pedicle screws, whereby 
the pivot above the bridge is arranged in a way where the arched longitudinal connector at the free end of the 
swivel arm will move through both pedicle screw heads when the swivel arm is swiveled. Since the 
interpedicular distance is not constant, infinitely variable adjustment and locking of the cannula spacing is 
required. Any change of the interpedicular spacing results in a change of the angle between the cannulas, since 
the alignment of the freely movable screw heads must positively follow the bend of the defined longitudinal 
connector radius. In order to realize the geometric principle of an isosceles triangle in its circumcircle, the 



working cannulas seated on the screw heads are movable and/or tiltable. The attachments are connected by 
gears which affect their uniform tilting during screw head spacing and angle changes and ensure that the 
geometric principles of an isosceles triangle are maintained. Once the carousel is seated on the pedicle screws, 
the pre-bent longitudinal connector swivels via the movable arm into the screw heads and is fastened with the 
inside nut. 

[0028] Fig. 4 shows the instrument for the insertion of pedicle screws. A guideway is cut into the instrument's 
wall. The instrument will be introduced into the working cannula in order to ensure that the lateral screw holes 
and the cannula seated on the screw head, which also has a lateral opening in the area of the screw head, are 
positioned on top of each other. This ensures that the openings in the screw heads are moved in the direction of 
the incoming longitudinal connector. These procedures are performed on one side at the upper and lower screw. 
The actual device for stereotactically guided percutaneous implantation of the pedicle screws' connector will be 
placed on the implants which extend towards the outside (extracutaneous). 

[0029] Fig. 5 shows the principal structure of the invented device according to Fig. 3 when used at a spine. 
Pedicle screws were recessed in two movement segments of the spine, where by the openings in the screw 
heads are aligned towards the incoming longitudinal connector with the assistance of the instrument for 
insertion of the pedicle screws. The longitudinal connector is located at the swivel arm of the device for 
stereotactically guided percutaneous implantation of the pedicle screws' longitudinal connector and will be 
swiveled towards the openings in the screw heads. 

Patent Claims 

1. Device for stereotactically guided percutaneous implantation of the longitudinal connectors of pedicle 
screws, characterized by a bridge with at least two attachments with infinitely variable spacing for mounting 
two equally long working cannulas which sit on the pedicle screw heads after the pedicle screws have been 
fastened, and by a swivel arm in a pivot on the bridge above the variable attachments which has a mount at its 
free end for a semi-circular longitudinal connector that is provided for the longitudinal connection of the pedicle 
screws, whereby the pivot above the bridge is arranged in a way where the semi -circular longitudinal connector 
at the free end of the swivel arm will move through both pedicle screw heads when the swivel arm is swiveled. 

2. Device for stereotactically guided percutaneous implantation of the longitudinal connectors of pedicle screws 
according to Claim 1, characterized by the attachments being connected by gears which affect their uniform 
tilting during screw head spacing and angle changes and ensure that the geometric principles of an isosceles 
triangle are maintained. 

3. Device for stereotactically guided percutaneous implantation of the longitudinal connectors of pedicle screws 
according to Claim 1 or 2, characterized by the pedicle screws being perforated polyaxial screws. 

4. Instrument for the insertion of the pedicle screws, consisting of one cannula with lateral lamellae that are 
provided for insertion into the working cannula, and one guideway that is cut between the lamellae into the 
cannula wall. 
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Drawing 1 
Isosceles Triangle in a Circumcircle 
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Drawing 2 
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Swivel arm 
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Longitudinal connector mount 
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Drawing 3 

[Schwenkarm] 
Swivel arm 
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